Object. Coccygodynia is disabling pain in the coccyx and is usually provoked by sitting or rising from sitting. The diagnosis can be missed by neurosurgeons likely to encounter the disorder, and surgical treatment for coccygodynia has historically been viewed with caution. The authors conducted a retrospective review of 62 successive coccygectomy surgeries for coccygodynia performed at their institution.
C oCCygodynia is disabling pain in the coccyx that is usually provoked by sitting or rising from a sitting to a standing position. It is a debilitating disorder that significantly impacts the quality of life of its sufferers. The coccyx has important anatomical and physiological relations to the fifth sacral and coccygeal nerve roots, the terminal sympathetic plexus, and the pelvic floor musculature, including the piriformis muscle. Coccyx-related pathological conditions can produce not only local pain and tenderness, but also radiating and radiculopathic symptoms. 12 Coccygodynia is generally treated in a stepwise fashion of increasing invasiveness. Initial treatment includes ergonomic adjustments such as a specialized cushion for sitting, application of local heat, and oral analgesics. Favorable results are reported after using local injections of steroids and/or local sodium channel blocking anesthetic agents. 48 Added measures include repeated hyperflexion and hyperextension of the coccyx under general anesthesia. The most invasive therapy applied for this condition involves surgically removing the coccyx. Good or excellent results from coccygectomy for coccygodynia have been reported in > 70% of patients in larger published surgical case series. 2, 4, 10, 11, 14, 23, 30, 36, 40, [45] [46] [47] [48] Nevertheless, controversy exists. 22, 36 Coccygodynia is seen as "difficult to treat," 17 and Greenberg 21 remarked that "many practitioners do not view [coccygectomy] as a highly effective treatment and feel that great restraint should be used…." Interdisciplinary guidelines for the treatment of coccygodynia published as recently as 2007 by the German Coccygectomy for chronic refractory coccygodynia: clinical case series and literature review Society of Coloproctology in cooperation with the German Society of Dermatology recommend that "surgical measures should be viewed with caution." 32 This pervasive skepticism, dating back to a scathing criticism of the procedure by Bremer in 1896, 8 may have contributed to a lack of awareness of coccygodynia and a lack of experience with coccygectomy surgery among general and spinal neurosurgeons who are likely to encounter the disorder in clinical practice and who have the opportunity to diagnose and treat it. We describe herein our experience with 62 consecutive coccygectomy surgeries in 61 patients for treatment of chronic intractable coccygodynia. Twenty-six of these patients were available to participate in a telephone survey. We found that a high percentage of patients in our surgical series had good or excellent results and that this favorable outcome seemed to be durable over time.
Methods
The research protocol was approved by the institutional review board at the UC Davis Medical Center. The surgical database was queried to identify all coccygectomy cases treated between 1997 and 2009. Cases were identified, and a retrospective chart review was performed. Demographic data were collected. A registered nurse at the UC Davis Spine Center attempted to contact the patients by telephone. After obtaining consent to participate in the study, the nurse administered a nonvalidated standardized telephone questionnaire designed specifically for this study. Outcomes were qualified as excellent (complete pain relief), good (relief of most pain but mild discomfort after prolonged sitting), fair (minimal or no pain relief), or poor (pain worse than before surgery). Respondents were asked to describe their symptoms before surgery, to quantify their pain before and after surgery by using a VAS, and to estimate the duration of symptoms prior to surgery. Respondents were asked about prior conservative therapies, whether they believed that they had been misdiagnosed prior to surgery, and whether there was a history of a fall onto the buttocks or other inciting trauma. Respondents were asked about complications of surgery, whether they would choose the operation if they had to make the choice a second time, whether they would choose to have the operation sooner after the symptoms had started, and whether they would recommend the operation to others. A retrospective chart review was also performed to cross-validate the responses of those who participated in the interview and to investigate those not available for interview. Statistical data were analyzed using Stata version 9.0 (Statacorp LP). Categorical data were analyzed using the Fisher exact test. Outcome data were analyzed using the Wilcoxon rank-sum (Mann-Whitney) test. Comparison of group means was analyzed using the Wilcoxon signed-rank test. We analyzed the relationship of outcome to follow-up length using the Spearman rank correlation. The means are expressed ± SD.
Surgical Technique
The surgically treated cases spanned a 12-year time period and were performed by 2 separate surgeons. The surgical method may not have been consistent across the study population. We detail herein our current practice. All patients receive a bowel preparation preoperatively to help prevent fecal contamination of the wound and to minimize complications in the unlikely event of a rectal perforation. Broad-spectrum antibiotics are administered prior to skin incision. After the induction of general anesthesia, the patient is positioned prone on a Wilson frame. The buttocks are retracted laterally with adhesive tape to expose the gluteal cleft. The coccygeal region and anus are prepared with iodine or chlorhexidine. Following the skin preparation, the perianal area is isolated with a 3M 1010 Steri-Drape, and the incision site is then draped with sterile towels. We believe that isolating the perianal region prior to preparing the skin may increase the risk of wound infection. The skin is infiltrated with lidocaine and epinephrine. Lateral fluoroscopic images are used to locate the sacrococcygeal junction. A midline vertical incision is made over the coccyx. The sacrococcygeal disc is removed or osteotomized in the case of a synchondrosis, and the coccyx is separated from the surrounding tissues in a subperiosteal plane using monopolar electrocautery, elevating the coccyx posteriorly, and proceeding with an en bloc resection in a rostral to caudal direction according the method of Key. 26 Dissection from a proximal to distal direction limits the risk of rectal injury, especially in the case of an anteverted coccyx. En bloc resection prevents treatment failures secondary to incomplete resection.
The Co-1 is identified anatomically by the cornua at the articulation with the caudal sacral segment. In the case of a fused S5-Co1 disc, the resection proceeds distal to the first mobile segment, unless the proximal portion is prominent and close to the skin. Cutting monopolar electrocautery current is favored over coagulating current to limit damage to surrounding tissues that could result in wound infection or rectal injury. A clamp may be applied at the lateral aspects of the coccyx to aid in posterior elevation and retraction. In earlier cases in the series, a finger was used in the rectum to elevate the coccyx, although we have not found this technique to be necessary in most cases. A complete resection may be ascertained by examining the resected specimen ( Fig. 1 ) and by checking a lateral C-arm fluoroscopic radiograph to ensure complete resection compared with preoperative imaging (Fig. 2) . All remaining sharp prominences on the caudal sacrum are smoothed using a rongeur, and bone wax is applied. After hemostasis is ensured, the overlying fascia and skin are closed in layers, with subcutaneous sutures for the skin. A liquid skin adhesive (Dermabond) is applied to help protect the wound from contamination. We do not use a drain. Broad-spectrum antibiotics are continued for 48 hours, and the patient receives nursing care in a lateral position or supine on a specialized sacral cutout cushion.
Results
We identified 63 consecutive coccygectomies performed at UC Davis Medical Center between 1997 and 2009. One case was a "redo" surgery in a patient we had previously operated on, and 1 case (a protruding coccyx) was treated purely for cosmetic purposes and not for pain, so the number of original coccygectomies for chronic coccygodynia was 61. Each surgery was performed by 1 of the senior authors (D.R.B. or R.J.S.), with the assistance of a resident physician in orthopedic surgery or neurological surgery. The average patient age was 42 years, and the female/male ratio was 4:1. The patient charts were reviewed for all but 2 of the 61 patients; 1 was destroyed and 1 was missing. We administered the follow-up telephone survey to 26 patients from the entire series (42.6%). Of the patients to whom we did not administer the questionnaire, 2 were deceased from unrelated causes (3.3%), 14 did not return requests for interview (23.0%), 18 had incorrect contact information (29.5%), and 1 refused to participate (1.6%). The average age of the respondents at surgery was 49.1 years (range 25 to 80 years) compared with an age of 36.9 years for those whom we were not able to contact (p = 0.002). Among the respondents, there were 19 women and 7 men (2.7:1) compared with 29 women and 6 men whom we failed to contact (4.8:1). The difference between the female/male ratios in respondents and nonrespondents was not significant (p = 0.53). The mean time since surgery for respondents and nonrespondents was 44 and 68 months, respectively, and this difference was significant (p = 0.015). In summary, the patients to whom we administered the follow-up questionnaire were older at the time of surgery and had undergone surgery more recently, but were not significantly different in terms of female/male ratio. The data in the 26 cases with telephone follow-up are listed in Table 1 .
Among respondents, the median duration of followup from the time of surgery was 37 months (range 2-133 months). The mean VAS score preoperatively was 9.6 ± 0.8, and postoperatively it was 3.1 ± 3.1 (p < 0.001). The number of patients with outcomes rated as "excellent," "good," "fair," and "poor" were 13, 9, 2, and 2, respectively. The overall number of favorable outcomes ("good" or "excellent") was 22 (84.6%). Two patients underwent redo coccygectomy to remove residual coccyx after initial partial coccygectomy, resulting in 1 good and 1 fair result at the time of telephone follow-up. The mean length of hospital stay was 1.44 ± 0.97 days. The study design resulted in varying lengths of follow-up time after surgery for each patient. We found no relationship between the length of follow-up time after surgery in months and the outcome (p = 0.92, Spearman rank correlation). No significant difference in outcome could be detected based on traumatic versus nontraumatic causes (p = 0.33). In summary, the self-reported VAS score was significantly improved by surgery, and the overall favorable result (excellent or good) was 84.6%. Our numbers were small, but the outcome appeared to be durable over time and not dependent on the cause of pain.
The median duration of patient-reported symptoms prior to surgery was 24 months. Sixty-nine percent of subjects reported a history of trauma to the coccygeal region. Fifty-eight percent tried local injections of steroids and/or anesthetics prior to surgery. Thirty-one percent of respondents claimed they had been misdiagnosed as having some other pathological condition explaining their coccygodynia. Eighty-five percent of respondents stated they would undergo the operation again if faced with the same situation. Ninety-six percent of respondents would have had the procedure sooner if they had been given the option, and 85% would recommend the surgery to others. Patients had been evaluated with lateral sacrococcygeal radiographs. Of the 26 respondents, 20 had lateral sacrococcygeal radiographs that were available for review, and in an additional 4 patients, although the radiographs were unavailable, they were described in enough detail to be classified definitively according to the schema described by Postacchini and Massobrio (Table 1) . 36 Of these coccyges, 7 (29.2%) were Type I (Fig. 3A) , 7 (29.2%) were Type II (Fig. 3B) , 2 (8.3%) were Type III (Fig. 3C) , and 7 (29.2%) were Type IV (Fig. 3D ). Three were unavailable for review-either no images were available or there was no radiological description in the record that was adequate for classification.
There were 3 infections (11.5%) among the 26 patients queried. There were no rectal injuries. An analysis of the fair or poor outcomes (2 patients each) was done. All of these 4 patients were women. The patient in Case 18 (poor outcome) was a 53-year-old woman who traced her pain to a motor vehicle accident. Although she was nontender in the coccyx area on follow-up, she reported that her condition worsened after surgery and that she "could not move her legs well enough to swim" after surgery. She continued on high doses of narcotics postoperatively. The patient in Case 23 (fair outcome) had incomplete resection of the coccyx after 2 partial coccygectomies. The patient in Case 25 (poor outcome) had surgery complicated by a wound infection. The patient in Case 60 (fair outcome) had no apparent aggravating factors. Three of the 4 patients who had an unfavorable outcome indicated they would not undergo the operation again if faced with the same situation. Of the 4 unfavorable outcomes, 1 patient's imaging was unavailable for review, and the remaining 3 had coccyges of Postacchini and Massobrio Types I, II, and IV (1 patient in each category).
Review of the medical records for the surgical series of 61 patients revealed postsurgical follow-up data in 37 cases (61%). The follow-up intervals ranged from 1 month to 1.5 years, but most follow-up was 3 months or less. In general, objective outcome data were not routinely documented during clinical follow-up, and follow-up was often too brief to allow an accurate assessment of the final result. We interpreted the response to operation as favorable, unfavorable, or intermediate based on review of the records. The results were judged as favorable in 22 cases (59%), unfavorable in 9 (24%), and intermediate in 6 (16%). A total of 4 infections (7%) were documented in the medical records for the entire series of 61 patients. Cross-validation of the patients' responses with the information documented in their charts revealed no differences between the medical record and the telephone survey in reported outcomes. Follow-up in the medical records was available for 16 of the 26 surveyed patients and ranged from 1 month to 1.5 years. In all patients for whom clinical improvement was documented in the medical records, good or excellent outcomes were reported on the survey. One patient with a wound infection who had no improvement at the 2-month follow-up visit reported a poor outcome on the survey. Another patient who had a repeat operation for incomplete resection reported a fair outcome on the survey. The only discrepancy identified was that 1 patient failed to report a wound infection during the telephone interview. This patient underwent an incomplete coccygectomy complicated by a wound infection and no pain relief, but a second operation was performed and successfully treated the coccygodynia without complication. In the single case of coccygectomy without coccygodynia performed for cosmetic purposes, which we did not include in our data analysis, the patient was reported to have "done well postoperatively."
Discussion
Coccygodynia, sometimes called coccydynia or coccygeal neuralgia, was first described in the modern literature by Simpson 41 in 1859 as disabling pain in the area of the coccyx. Coccygodynia is usually provoked by sitting or by changing from sitting to standing. The pain may be pulling or lancinating and may radiate rostrally to the sacrum or lumbar spine or laterally to the buttocks and occasionally down the thigh. Coccygodynia is classified as posttraumatic (as from a fall onto the buttocks or difficult childbirth) versus idiopathic. True coccygodynia must be distinguished from pseudococcygodynia in which pain is referred to the coccygeal region from visceral organs, dural irritation, or from a root, plexus, or peripheral nerve. Coccygodynia is also qualified as acute or chronic. Chronic coccygodynia is defined as lasting > 2 months. 32 Of note is the fact that coccygodynia may often coexist with low-back pain. In one coccygectomy series, 10 of 13 patients had coexisting lumbar spine disorders including painful discs on provocative discography, disc herniations, and sacroiliac joint disease. 35 Postacchini and Massobrio 36 reported a 31% prevalence of low-back pain among 51 patients who underwent coccygectomy.
Coccygodynia is easily diagnosed by physical examination. Patients may exhibit a guarding seated posture, in which one buttock is elevated to shift weight from the coccyx (Fig. 4) . Palpation will elicit a tender point at or distal to the sacrococcygeal junction. The coccyx may be hypermobile and painful on rectal examination. Lateral radiographs show 1 of 4 coccygeal configurations, according to the schema of Postacchini and Massobrio 36 ( Fig. 3) . Type I is gently curved forward; Type II is markedly curved, with the apex directed anteriorly; Type III is sharply angulated; and Type IV is subluxed. Postacchini and Massobrio found that patients with coccygodynia are more likely than the general population to have a configuration other than Type I (68% vs 32%, respectively), as well as a partially or completely fused sacrococcygeal joint. Our series supports this conclusion, with 71.3% of patients having a coccyx type other than Type I. The presence of a dorsal bony spicule is also described in cases of coccygodynia. 30 Hypermobility, with > 25° of angulation, and subluxation may be detected using dynamic sitting and standing lateral coccygeal radiographs, and these objective radiographic findings may more strongly support elective coccygectomy in patients with refractory coccygodynia. 31 There was no apparent relationship of coccyx type to outcome in our series.
The differential diagnosis of coccygodynia is large and includes lumbar spondylosis or disc herniation, proctalgia fugax, levator ani syndrome, Alcock canal syndrome, descending perineal syndrome, piriformis syndrome, anogenital syndrome, perianal abscess or fistula, and rectal tumors or teratomas. 39 Tarlov cyst has been reported as a rare cause of coccygodynia. 50 Care must be taken to exclude patients with offending local pathological conditions or atypical symptoms from consideration for coccygectomy. Primary coccygodynia is distinguished from referred coccygodynia (so-called pseudococcygodynia) 44 by infiltrating the periosteum at the tender point with 10 ml of 0.25% bupivacaine and 40 mg of methylprednisolone acetate, which will elicit temporary symptomatic relief in primary coccygodynia. Although the injection provides relief of coccygodynia, the results are typically quite temporary, rendering this more useful as a diagnostic tool than as a feasible longterm solution. Nevertheless, repeated periosteal injections may be considered a treatment option in selected cases. Those with pseudococcygodynia should not experience relief of pain with the injection, and these patients must not be considered for coccygectomy. The pain generator in coccygodynia remains unclear, and it is unclear why coccygectomy works. 13 The coccyx is the final segment of the vertebral column and consists variably of 3-5 separate or fused segments. The coccygeal and sacral vertebral bodies articulate through the sacrococcygeal disc. This disc may degenerate to form a synchondrosis or a synovial joint, or the Co-1 may be entirely fused to the terminal sacrum. Balain et al. 2 performed histological studies on excised sacrococcygeal and intercoccygeal segments and concluded that the presence of degenerative changes in sacrococcygeal discs predicted a better outcome.
Coccygeal vertebrae lack posterior elements and are devoid of pedicles, laminae, or spinous processes. The Co-1 contains rudimentary transverse processes. The coccygeal cornua of Co-1 articulate with the sacral cornua as a rudimentary facet joint. The coccyx is a site for attachments of muscles, tendons, and ligaments, including the anterior sacrococcygeal ligaments, the deep and superficial posterior sacrococcygeal ligaments, and the lateral sacrococcygeal ligament. The anterolateral surface provides an attachment site for the coccygeus and levator ani muscles, and the posterior surface provides an attachment site for the gluteus maximus and the sphincter ani externus. Thiele, 42 in a classic paper from 1937, implicated muscle spasm in the pathophysiological causes of coccygodynia and championed various techniques of massage. Thiele suggested that sciatica may be produced when piriformis contraction compresses the sciatic nerve against a spastic coccygeus muscle. Associated piriformis spasm can further exert pressure on the sciatic nerve at the sacrosciatic foramen and on the superior gluteal nerve at the lower border of the gluteus medius. 12 The coccyx forms part of the pelvic floor and can become a weightbearing structure during sitting.
The coccyx is innervated by the anococcygeal nerve, which arises from the coccygeal plexus. The coccygeal plexus has contributions from the fourth and fifth sacral nerves and the coccygeal nerve (the 31st spinal nerve). The posterior divisions of the fifth sacral nerves exit through the posterior fifth sacral foramina, which is formed as the coccygeal cornua articulate with the sacral cornua. The anterior division of the fifth sacral nerve courses through the anterior fifth sacral foramen, which is formed as the lateral edge of the Co-1 joins the last sacral segment. 43 Sacral rhizotomy for coccygodynia with sectioning of the bilateral fourth and fifth sacral nerve roots has had mixed results. Early literature supports the effectiveness of sacral rhizotomy for coccygodynia, 5, 6 whereas more recent literature does not. 1, 38 The paired ventral sympathetic ganglia of the sacrum unite at the sacrococcygeal junction to form a single ganglion known as the ganglion impar or Walther ganglion. Fluoroscopically guided injection of the ganglion impar with 0.5% bupivacaine can result in relief from coccygodynia. Often, injections are repeated. 9, 17 Coccygodynia is treated conservatively in a stepwise fashion of increasing invasiveness. Primary treatment involves NSAIDs, stool softeners, specialized cushions, sitz baths, and manipulation. Repeated local anesthetic injections may be used. Emerging forms of therapy include sympathetic ganglion blocks 9, 18 and dextrose prolotherapy to provoke scar formation. 16 Despite these measures, conservative therapy may fail in 14% 30 to 19% 47 of patients. In coccygodynia that is refractory to conservative measures, coccygectomy is a highly effective treatment with a high likelihood of favorable outcome and an acceptable risk profile.
In our series of 26 patients in whom telephone followup was done, we found a 50% and 34.6% rate of excellent and good outcomes, respectively, for an overall favorable response of 84.6%. Two patients reported no improvement, and 2 patients reported that their symptoms worsened after surgery. Because of poor follow-up, both in the telephone survey and in the chart review, the true outcome of this procedure cannot be known with certainty based on our study. Also, due to the retrospective nature of patient self-reporting in the interviews, the pre-and postoperative VAS scores reported may not be entirely accurate. Nevertheless, we found a significant improvement in patientreported VAS scores after surgery, as reported by other authors. 11, 24, 35 Our results concur with those in case series published in the last 28 years (Table 2) . 2, 4, 11, 14, 15, [22] [23] [24] [25] 28, 31, [33] [34] [35] [36] [37] 40, [45] [46] [47] [48] [49] Favorable results ranging from 56% to 100% have been reported. The overall combined favorable outcome is 86%. This result is nearly identical to an overall favorable outcome of 87% compiled from a literature review on coccygectomy published in 1964. 7 No consistent, validated instruments have been used among published surgical series. Categorical outcome qualifiers (excellent, good, fair, poor) have been used by other authors, 2, 33, [46] [47] [48] [49] sometimes based on percent improvement in pain 31 or on VAS score and functional improvement. 10, 14, 34, 36 Others have used the Oswestry Low Back Disability Score 35, 45 or the Oswestry Functional Capacity Index 24 to determine functional improvement after coccygectomy. However, functional outcome metrics designed to evaluate low-back pain may not be entirely appropriate to assess coccygodynia and its treatment. 46 Most published series, including our own, are weak- ened by the retrospective study design. Our study may suffer from selection bias in which patients with favorable outcomes may be more likely to participate in the survey or to follow up in clinic. However, Wray et al. 48 and Maigne et al. 31 enrolled patients prospectively, and they found good or excellent outcomes in 91% and 92% of operative cases, respectively. In our series, fewer than half of the 61 study candidates responded to the telephone questionnaire, and in many patients, no postoperative follow-up was documented. This is perhaps due at least in part to the fact that our institution has a large catchment area, and many patients travel over long distances to receive care. Also, because many surgeons do not perform coccygectomy, we have treated a number of patients from outside the catchment area. Some patients may have, for the sake of convenience, followed up with their primary care providers closer to where they live rather than at our clinic. In fact, 7 patients who responded to our interview never followed up in clinic after surgery, but of these, 4 reported an excellent outcome and 3 reported a good outcome in the telephone interview. Follow-up is confounded when patients change their place of residence or phone number, especially as the length of time between the date of surgery and the date of data collection increases. All the larger (> 20 patients) previously published series are from European countries, where nationalized health care may facilitate the centralization of medical records and contact information. Our series is the largest from North America.
We did not detect a significant difference in the outcome in patients who had traumatic versus idiopathic causes for coccyx pain, although our numbers were small. Pennekamp et al. 34 retrospectively reviewed a series of 16 patients who had undergone coccygectomy, whose cases were equally divided between posttraumatic and idiopathic causes, concluding that idiopathic cases tended to have poorer results after surgery. Conversely, Trollegaard et al., 45 in a larger series (41 patients), did not find that the cause of pain predicted the response to surgery.
Coccygodynia is more common in women. The ratio of women to men in our surgical series was 4:1, and the ratio for the questionnaire respondents was 2.7:1, reflecting the ratio for coccygodynia overall 30 and indicating that conservative therapy may be equally likely to fail in men and women. All of the male patients had a good or excellent response to surgery in our series, although the number was too small to detect a statistical difference.
The design of our study resulted in different follow-up times for each patient, because we administered the phone questionnaire during a single session. Follow-up times after surgery ranged from 2 to 133 months, and our median follow-up time was 37 months. We found no association between the quality of the outcome and the length of follow-up, suggesting that the results were stable over time across the study population. We did not, however, track outcome as a function of time within the first few months after surgery. It has been our observation that improvement after surgery is a gradual process and that patients need to be counseled preoperatively that it may be several months before the maximal benefit from surgery is reached. Other authors have noted this as well. Cebesoy et al. 11 followed patients for up to 2 years and observed a gradual decrease in mean VAS scores. Mouhsine et al. 33 observed that symptoms gradually subsided over approximately 15 weeks. Balain et al. 2 found that improvement was maximal between 6 and 9 months after surgery, Ramsey et al. 37 found maximal relief by 3 months, Maigne et al. 30 saw gradual improvement 4-8 months postoperatively, and Grosso and van Dam 22 observed several patients who continued to improve after 13 months. Certainly, this delayed response could easily have contributed to the perception among surgeons that coccygectomy is ineffective. It is unclear why such a long recuperation time is sometimes required. We propose the theory that gradual cicatrization of the operative bed leads to stabilization of the pelvic floor, especially in cases of pain related to a hypermobile coccyx. Indeed, some success has been reported with the use of prolotherapy (proliferative therapy) involving dextrose injection to induce scar tissue formation. 27 A precedent may exist for a randomized trial to compare coccygectomy to prolotherapy.
Our infection rate was 11.5%. Infection rates reported in the literature vary widely, ranging from 0% to 27%. 2, 3, 10, 11, 14, 24, 31, [33] [34] [35] 46, 49 Table 2 indicates the infection rate in various published case series for which data were available. The overall infection rate calculated from the published case series is 8%. Bayne et al. 3 reported that (8) infections in their patients were caused by gram-negative organisms, whereas Doursounian et al. 14 reported Staphylococcus aureus as the most common cause. Cebesoy et al. 11 reported a 0% infection rate achieved with uniform antibiotic prophylaxis for 5 days. We did not use a standardized antibiotic regimen for our series, although our current practice is to continue broad-spectrum antibiotics for 48 hours postoperatively and to use bacitracin in all surgical irrigation fluids.
No published coccygectomy case series have described rectal injury as a complication, although there have been case reports in the general surgical literature describing repair of postcoccygectomy rectal hernias. 19, 29 Bilgic et al. 4 described sectioning of the anococcygeal ligament and resecting the periosteum of the coccyx, both of which could lead to weakening of the fibromuscular pelvic floor, increasing the risk of rectal hernia. The technique that Gardner 20 described in 1972 involved resecting the coccyx from a distal to proximal direction. In the case of an anteverted coccyx, the Gardner technique could potentially increase the risk of rectal injury because the initial exploration is deeper. 40 We use the time-tested technique of Key, 26 which involves first identifying either the sacrococcygeal junction or the first mobile segment and then dissecting in a rostral to caudal direction.
Our series contained cases in which the entire coccyx was removed, as well as cases in which a partial coccygectomy was performed. The coccyx is highly anatomically variable, consisting of 1-5 bony segments. 20, 36 Wray and Templeton 47 recommended that total coccygectomy be the goal of surgery, whereas Postacchini and Massobrio 36 found no difference in result between patients undergoing a partial versus a total coccygectomy. The removal usually proceeds distally from the first mobile segment. In cases in which the Co-1 is fused to the sacrum, this technique results in a partial coccygectomy. We assess the need for a total coccygectomy in each case, based on the patient's body habitus and degree of sacrococcygeal prominence. Some cases of revision surgery mentioned in the literature have involved converting a partial to a total coccygectomy. 15, 23, 40 Sehirlioglu et al. 40 suggested that a radiographically hypermobile or subluxed coccyx may be resected distal to the unstable segment, but that in the absence of radiographic instability, total coccygectomy distal to the sacrococcygeal transition should be performed.
Conclusions
Coccygodynia may often present to neurosurgeons and is easily diagnosed and treated. Coccygectomy is simple and effective, with an acceptable risk profile. We report the results of follow-up on 26 patients in a series of 62 consecutive cases treated within 12 years. We found an overall favorable outcome in 84.6% of cases in which follow-up was available. Our results strongly concur with previously published case series. A growing body of evidence supports the efficacy of coccygectomy for chronic coccygodynia and helps to erode misconceptions and bias against treatment.
